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Abstract 
Application of broadband probing impulses in acoustic microscopy allows to increase depth resolution of visualization system 
and to improve measuring possibilities at fixed frequencies. The echo-pulse method with measuring the delay times is a basis of 
quantitative techniques of the pulse acoustic microscopy. To improve the accuracy of the method the attention should be paid to 
the changes in the echo-pulse shape that is caused by the focusing of elastic waves at the boundaries of a sample. Features of the 
separated echo-pulses formation, which is caused by reflecting the acoustic waves of various polarizations in the plate, are 
studied. The method of a stationary phase is applied to analyze the expression for the output echo-signal; dynamics in the shape 
transformation for individual echo-pulses depending on the focus position z are studied. Occurrence of the echo-pulse shifting dt 
outside the focal position is found theoretically. It is shown experimentally the echo-pulses shaping depends on focus position 
under the specimen. The technique with time delay correction has been applied to measure sonic velocity for standard steel gauge 
block. Systematic error avoided by the shape correction was 1% for the measured value of sonic velocity. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
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1. Introduction 
Focused broadband pulses of high frequency ultrasound (50-1000 MHz) are applied in a pulsed acoustic 
microscopy for a long time, since the 90s. Due to the short duration of the probe pulse, it is possible to perform 
layer-by-layer visualization in the amount of optically opaque objects, to measure the elastic properties of thin films, 
composite and miniature samples (Briggs (1992); Gilmore (1999); Zinin (2001); Berezina (2000); Petronyuk and 
Levin (2005)). 
The resolution of acoustic microscope in the depth is determined by frequency and bandwidth of the probing 
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signal; it is a short pulse with duration of one period allows increasing the resolution of an imaging system and 
measurement capabilities at fixed frequency range. The problem is of current importance for the high-resolution 
industrial non-destructive testing and advanced materials research, including composites and polymer.  
The referred above technique is based on echo-pulse method with time delay measuring between pulses reflected 
from surface and bottom of a sample. In acoustic microcopy the probe pulse is a focused one; components of the 
incident spatial spectrum excite elastic waves of different polarization in a sample. Echoes in the echo-pattern are 
formed by the round trip of longitudinal and transverse elastic waves, as well as by combination of their 
propagation. Time delays’ measuring between the echoes allows calculating sonic velocities with accuracy about of 
3%. The error of such measurements depends on the selection of the reference points in the echo-pattern. 
Furthermore, it was shown previously that shape of the reflected pulses is changed according with focus position at 
specimen boundaries (Levin, 2011). Nevertheless the problem seems not completely studied. The presented paper is 
supplement the previous results with new details. This paper is devoted to the theoretical analysis of the waveform 
transformation with defocus of the lens and to development of the improved method of the ultrasound velocity 
measurement.     
 2. Theoretical consideration 
In a linear system, the interaction of the focused ultrasonic signal V(z,t) of arbitrary shape with a solid plate can 
lead to the propagation of harmonic component of signal VZ(z) with frequencies Z: 
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where T  – the angle of sound wave incidence from the liquid to solid, it is the angular aperture of the focusing 
transducer 2Tm; F(T) is the aperture function of the acoustic lens including the effectiveness of generation and 
reception, its distribution over the surface of the transducer, BZ is spectrum of the probe pulse; k is wave vector of 
the harmonic components of the incident radiation; R is the focal distance of the lens; z is displacement of the focal 
plane of the incident beam in accordance to the plate front surface; R(T) is the reflection coefficient from the plate, 
which is a set of reflections at the plate boundaries: 
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Here TL,T is the refraction angle of longitudinal (L) and transverse (T)  waves in the plate of d thickness; kL,T – wave 
vector in the plate. The reflection coefficient R1(T) corresponds to the echo from the front surface of the plate, the 
coefficient rL(T) corresponds to the round trip of longitudinal waves in the plate, rT(T) corresponds to the round trip 
of transverse waves, rLT(T) arises due to the acoustic modes transformation on the bottom of the plate. The 
expression for the pulse of the detected signal can be find by Fourier transform of the harmonic component VZ(z): 
    ³  ZZZ dezVtzV ti, . (3) 
In order to evaluate the integral in (1) asymptotic methods has been in use (Bleistein, 1975). Since the exponential 
factors in (1) with account for equation (2) contain large parameters kz and kd >> 1; and the function under the 
integral is rapidly oscillating. Value of the integral in (1) is determined by the presence of stationary points in the 
phase of the harmonic components of the signal VZ(z). The field of stationary points, in turn, determines the position 
of the lens z, in which the echo pulses L, LT and T are formed, due to propagation of longitudinal and transverse 
waves in the plate. 
Dynamics of individual echo-pulses occurrence in the structure of the output signal was studied by the method of 
stationary phase (Hazewinkel, ed., 2001). Dependence of echo-pulses shape on the position of the focal plane of the 
acoustic lens towards the sample was investigated. For the front surface echo the maximum value of the signal arises 
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in a focal position, when all spatial components of the incident focused beam are reflected and received from the 
front surface of the plate, and all components of the angular spectrum arrive at the receiver in a phase. Pulse shape 
in this case coincides with the shape of the probing signal V0(t) (Fig.1а,b - blue line). Shifting the lens position z 
from focal plane the paraxial and edge component of the focused beam are separated. There is a decomposition of 
the surface echo pulse into two signals, while the pulse shape is changed: 
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here с is velocity of sound in the immersion fluid, and the function ³
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corresponds to the pulse shape (Fig.1a, red line),  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Numerical experiment of the shape calculation for the echo-pulse of longitudinal elastic waves, reflected from surface (a) and bottom (b) of 
the solid plate. Echo from the plate surface in a focal position V0(t) is a line 1 (blue) in the both images; it is taken from experiment for the lens of 
50 MHz and 11q of a half aperture angle. Line 2 (red) in (a), is the shape G(t) of the surface echo in the focus position outside from the surface. 
Line 2 (red) in (b) is the shape G1(t) of the bottom echo in the focus position of longitudinal waves at the bottom. 
Theoretical and experimental analysis shows that the echo-pulse caused by the longitudinal elastic wave’s 
propagation in the plate (L-signal) is observed at any position of the focal plane of the incident beam relative to the 
plate boundaries. In a wide range of the lens position the shape of L-signal is determined by the function G(t) and its 
amplitude grows with the paraxial focus adjust to the bottom of the plate. When the paraxial focus is on the bottom, 
the maximum value of L-signal is seen, and the transition to a special pulse shape happens. Occurrence of a special 
form of L-signal is characterized with presence of stationary points in the phase of the signal: 
0
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сL – is longitudinal waves velocity in the solid plate. The expression for the L-signal in this area is written in the 
form: 
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where tB is the delay time of the echo pulse from the plate front surface; WL is time of longitudinal waves propagation 
in the plate;  
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determines the specific pulse shape, which is characteristic of focus position at the bottom for L-waves (Fig.1b - red 
line). Such special shape remains unchangeable while following lens towards the plate bottom and the oblique 
components of the incident focused beam form by turn a focus point at the bottom of the plate. Then, the amplitude 
of the L-signal begins to decrease with increasing displacement of the lens z.  
In experiments, due to the smallness of the angular aperture of the probe beam   1sin22 mL cс T , the time delay 
for the L-signal WL can be defined as a double time of the longitudinal waves propagation through the plate thickness. 
The resulting error 
m
m
T
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cos
cos1 is not more than 1-3%. 
Formation of the LT and T echo pulses produced with the transverse waves participation were investigated. These 
signals become detectable with a significant lens focus offset z toward the plate 
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Contribution to these signals formation is provided by the oblique components of the spatial spectrum of the beam 
forming a focus point at the plate bottom only. Geometric conditions for these echoes formation are studied. It is 
shown that they are characterized by a special form of the echo-pulse G1(t) and under assumption of a small aperture 
of the probe beam the time delay for LT and T pulses is determined by double time of elastic waves phase running in 
the plate thickness with high accuracy: 
T
T c
d2 W    and   
TL
LT c
d
c
d  W . (10) 
3. Experiments 
The experiments are realized on impulse acoustic microscope with lenses of 50-100 MHz frequency and the half 
aperture angle of 11q in immersion (distillated water). The steel gauge block with a thickness of 1.5 ± 0.001 mm was used 
as a solid plate. The sound velocity in the sample has been measured by the standard pulse-echo technique using flat 
15 MHz transducer. The longitudinal wave velocity was found to be cL= 5940 ± 15 m/s. The same sample was studied by 
the impulse acoustic microscopy. The individual echo pulses formation from the plate was investigated and sonic velocity 
cL* in the steel plate was found equal 6010 m/s. In accordance with observation presented above, possible systematic error 
resulted from the inaccurate selection of the reference points between the pulses of different shape was estimated. The 
correction of the echo-pulse shape from G(t) to G1(t)-form in accordance with (4) and (7) for the signal from the plate 
surface (focus is at the bottom) should be made. Both signals – from the surface and bottom, will take a special G1(t)-form. 
Fig. 2 shows the signal from the surface with the lens focus position at the plate bottom (blue). After correction (see Fig. 2, 
red colored impulse) the zero of the surface echo-pulse is shifted dt = 4 ns. The corrected velocity in the material was 
estimated to be cL = 5960 m/s. Thus correction of the surface pulse using proposed processing method gives more accurate 
result in comparison with the reference value cL*. 
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Fig.2 Correction of defocused echo-pulse from the steel plate surface (line 1, blue) to the special form G1(t) (line 2, red),  
which is characteristic for the focus position of longitudinal waves at the plate bottom: dt = 4ns – time shift between the pulses.  
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